TITLE OF THE INVENTION: 

METHOD OF INHIBITING HAIR GROWTH 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to a method of 
inhibiting hair growth, and more particularly to a method 
of inhibiting hair growth, by which hair growth on the 
legs and arms, and the like can be effectively inhibited, 
and use of a specific enzyme inhibitor for the 
preparation of a hair-growth inhibitor. 
Description of the Background Art: 

A biological function of the scalp hair and body 
hair is to protect important organs of the head, chest, 
limbs and the like. With the development of clothes and 
protecting means, however, the organ-protecting function 
carried by the body hair has come to be unimportant. 

The scalp hair is generally desired to be thick. 
In recent years, however, the tendency to prefer having 
no hair on, particularly, limbs and the like has been 
strengthened from the viewpoint of an aesthetic 
appearance. Therefore, various methods for removing the 
body hair have been developed and used. Specific 
examples thereof include mechanical removing methods 
making use of a shaver, hair plucker or the like, methods 
of using a depilatory to depilate body hair out of its 
root, methods of using a hair remover to remove body hair 



by its chemical reaction, etc. 

However, these methods for removing the body hair 
are accompanied by the physical or chemical irritation of 
the skin, and the lastingness of their removing effects 
5 on the body hair is limited even though there is some 
difference between the methods. Therefore, such a 
treatment for removing the body hair must be conducted 
again after a certain period of time. It is thus desired 
to lighten the removal treatment of the body hair. 
10 International Application WO98/25580 published June 

18, 1998 discloses a method for reducing hair growth by 
inhibiting the activity of a matrix metalloproteinase in 
the skin. The present invention intends the same purpose, 
i.e., providing a method of inhibiting hair growth . 
15 However, the researchers of the present invention found 
that hair growth is deeply influenced by the activity of 
elastase-like enzymes. Thus, there is fundamental 
difference in the present invention from the prior art, 
which provides a novel method characterized by inhibition 
of the activity of elastase-like enzymes. 
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SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present 
invention to provide a method of inhibiting hair growth, 
25 by which the growth of body hair can be effectively 

inhibited to reduce the number of removal treatments of 
the body hair. 
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In view of the foregoing circumstances, the present 
inventors have carried out an extensive investigation. 
As a result, it has been quite surprisingly found that 
inhibitors of elastase-like enzymes which digest elastin 
known as a structural protein in the artery, tendon, skin 
or the like, and inhibitors of neutral endopeptidases 
that are enzymes which digest opioid peptides such as 
enkephalin, and neuropeptides such as substance P and 
bradykinin have an excellent inhibitory effect on hair 
growth, thus leading to completion of the present 
invention. 

According to the present invention, there is thus 
provided a method of inhibiting hair growth, which 
comprises administering an inhibitor of elastase-like 
enzymes or a neutral endopeptidase inhibitor. 

According to the present invention, there is also 
provided use of an inhibitor of elastase-like enzymes or 
a neutral endopeptidase inhibitor for the preparation of 
a hair-growth inhibitor. 

According to the present invention, an excellent 
inhibitory effect on hair growth can be achieved, and 
hair-growth inhibitors high in safety for the human body 
can also be provided. 



BRIEF DESCRIPTION OF THE DRAWING 

Fig. l diagrammatically illustrates the 
relationship between a hair cycle and the activity of an 



elastase in cutaneous tissue. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As the inhibitor of elastase- like enzymes useful in 

5 the practice of the present invention, is preferred an 

elastase inhibitor, particularly, an inhibitor of 

elastase -like enzymes derived from a dermoepidermal 

fibroblast. Such inhibitors include substances which 

exhibit an inhibitory activity of at least 50% at 1 mM in 

10 an enzyme activity-measuring system making use of an 

enzyme solution extracted from, for example, cultured 

human fibroblasts with a 0.1% Triton X- 100/0. 2 M Tris- 

hydrochloric acid buffer solution (pH: 8.0) and 

containing N-succinyl-Ala-Ala-Ala-p-nitroanilide as a 
15 substrate. 

As the neutral endopeptidase inhibitor useful in 
the practice of the present invention, is preferred an 
inhibitor of a neutral endopeptidase derived from a 
dermoepidermal fibroblast. Such inhibitors include 

20 substances which exhibit an inhibitory activity of at 

least 50% at 1 mM in an enzyme activity-measuring system 
making use of an enzyme solution extracted from, for 
example, cultured human fibroblasts with a 0.1% Triton 
X- 100/0. 2 M Tris -hydrochloric acid buffer solution (pH: 

25 8.0) and containing glutaryl-Ala-Ala-Phe-4-methoxy-2- 
naphthylamine as a substrate in an MES ( 2-morpholino- 
ethane sulfonic acid) buffer solution (100 mM, pH: 6.5) 
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to which sodium chloride (300 mM) has been added. 

Examples of such elastase-like enzyme inhibitors 03 
neutral endopeptidase inhibitors include phosphonic acid 
derivatives, mercaptopropionamide derivatives and salts 
thereof . 

The phosphonic acid derivatives include compounds 

represented by the following general formula ( 1 ) : 

O R 2 
, 11 1 

R -P- NHCHCONH - R 3 ( l ) 

I 

OH 

wherein R 1 is a hydrogen atom, a hydroxyl group, a 
hydrocarbon group which may be substituted, or a sugar 
residue which may be substituted, R 2 is a hydrogen atom, 
a hydrocarbon group which may be substituted, or a sugar 
residue which may be substituted, and R 3 is a hydrogen 
atom or a -CH(R 4 )COOH (in which R 4 is a hydrogen atom or 
a hydrocarbon group which may be substituted) , and salts 
thereof . 

In the formula ( 1 ) , the hydrocarbon groups which 
are represented by R 1 . R 2 and R 4 and may be substituted 
may be either saturated hydrocarbon groups or unsaturated 
hydrocarbon groups, and examples thereof include alkyl, 
alkenyl, alkynyl, cyclic alkyl, cyclic alkenyl. aromatic 
hydrocarbon and aralkyl groups. These hydrocarbon groups 
preferably have 1 to 24 carbon atoms, particularly 1 to 
18 carbon atoms. 

Of the hydrocarbon groups represented by R 1 , R 2 and 



R 4 , the alkyl, cyclic alkyl, aromatic hydrocarbon and 
aralkyl groups are preferred. The alkyl groups are 
preferably linear or branched alkyl groups having 1 to 12 
carbon atoms, with n-propyl, isopropyl, n-butyl, isobutyl, 
tert -butyl and isoamyl groups being more preferred. The 
cyclic alkyl groups are preferably 5- to 7-membered 
alicyclic alkyl groups, with cyclopentyl and cyclohexyl 
group being more preferred. The aromatic hydrocarbon 
groups are preferably aromatic hydrocarbon groups having 
6 to 14 carbon atoms, such as phenyl and naphthyl groups. 
The aralkyl groups are preferably alkyl groups having 1 
to 5 carbon atoms, which have been substituted by an 
aromatic hydrocarbon group having 6 to 12 carbon atoms, 
and examples thereof include 2-phenylethyl (= phenethyl), 
2-(l-naphthyl)ethyl and 2- ( 2 -naphthyl ) ethyl groups. 

Examples of atoms or groups which may be 
substituted on the hydrocarbon groups represented by R 1 , 

2 4 

R and R include halogen atoms, a hydroxyl group, 
alkoxyl groups, acyl groups, an amino group which may be 
protected, and heterocyclic groups. The halogen atoms 
include chlorine, bromine and iodine atoms. The alkoxyl 
groups are preferably alkoxyl groups having 1 to 12 
carbon atoms, and examples thereof include methoxy, 
ethoxy and isopropoxy groups. The acyl groups are 
preferably alkanoyl groups having 1 to 12 carbon atoms, 
and examples thereof include acetyl, propionyl and 
butyryl groups. Examples of the amino group which may be 



protected include amino, C^a-acylamino and Ci-s-alkylamino 
di-(Ci- 6 -alkyl) amino groups. The heterocyclic groups are 
preferably 5- to 14-membered monocyclic or fused ring 
groups having, as heteroatom( s ) , 1 to 3 nitrogen, oxygen 
and/or sulfur atoms, and examples thereof include pyridyl, 
pyridazinyl, furyl, thienyl, indolyl, thiazolyl, 
imidazolyl, benzofuryl and benzothienyl groups. 

The sugar residues include monosaccharide residues 
and oligosaccharide residues. Examples of groups which 
may be substituted on these sugar residues include alkyl, 
acyl and aralkyl groups. Examples of the alkyl, acyl and 
aralkyl groups include the same C^ 12 alkyl, d. 6 acyl and 
C 6 - 12 -aryl-Ci-6- alkyl groups as mentioned above. 

These phosphonic acid derivatives can be prepared 
in accordance with, for example, the process described in 
Japanese Patent Application Laid-Open No. 105698/1993. 

The mercaptopropionamide derivatives include, for 
examples, compounds represented by the following general 
formula ( 2 ) : 

R 6 
I 

R 5 - SCH 2 CHCONH ( CH 2 ) n - R 7 ( 2 ) 

wherein R 5 is a hydrogen atom or an acyl group, R 6 is a 
hydrogen atom or a hydrocarbon group which may be 
substituted, R 7 is a hydrogen atom, a carboxyl group, an 
alkoxycarbonyl group, a hydrocarbon group which may be 
substituted, a heterocyclic group which may be 
substituted, or an acyl group, and n is a number of 1 to 



In the formula (2), the acyl groups represented by 
R 5 and R 7 include alkanoyl groups and arylcarbonyl groups. 
The alkanoyl groups are preferably alkanoyl groups having 
1 to 12 carbon atoms, and examples thereof include acetyl, 
propionyl and butyryl groups. The arylcarbonyl groups 
are preferably having 7 to 15 carbon atoms, and examples 
thereof include benzoyl, substituted benzoyl, 
naphthylcarbonyl and substituted naphthylcarbonyl groups. 
Examples of groups or atoms substituted on the benzoyl 
and naphthylcarbonyl groups include C x . 6 alkyl groups, Ci_ 6 
alkoxyl groups, halogen atoms, an amino group, a hydroxyl 
group and Ci- 6 alkanoyloxy groups, n is preferably 1 to 6, 
more preferably 1 or 2 . 

The hydrocarbon groups which are represented by R 6 
and R 7 and may be substituted include the same groups as 
those mentioned above as to R 1 , R 2 and R 4 . 

The heterocyclic group represented by R 7 is 
preferably a 5- to 14-membered monocyclic or fused ring 
group having, as heteroatom( s ) , 1 to 3 nitrogen, oxygen 
and/or sulfur atoms, and examples thereof include pyridyl, 
pyridazinyl, furyl, thienyl, indolyl, thiazolyl, 
imidazolyl, benzofuryl, benzothienyl, pyrrolidinyl , 
piperidinyl, morpholinyl and piperazinyl groups. 
Examples of atoms or groups which may be substituted on 
the heterocyclic group include halogen atoms, a hydroxyl 
group, alkoxyl groups, acyl groups and an amino group 



8 



which may be protected. Specific examples of these 
substituents include the same substituents as the 
substituents of the hydrocarbon groups mentioned above as 
to R 1 , R 2 and R 4 . 

The alkoxycarbonyl group represented by R 7 includes 
alkoxycarbonyl groups the alkoxy moiety of which has 1 to 
12 carbon atoms, and specific examples thereof include 
methoxycarbonyl, ethoxycarbonyl , isopropoxycarbonyl and 
butoxycarbonyl groups. 

These mercaptopropionamide derivatives can be 
prepared in accordance with, for example, the process 
described in Japanese Patent Application Laid-Open No. 
24354/1982. Incidentally, these mercaptopropionamide 
derivatives are known to have an inhibitory effect on 
mammalian collagenases , but not known at all to have an 
inhibitory effect on elastase-like enzymes. 

The phosphonic acid derivatives and mercapto- 
propionamide derivatives may be used in the form of 
pharmaceutically acceptable salts or hydrates. Examples 
of the salts include alkali metal salts, alkaline earth 
metal salts, organic amine salts and amino acid salts. 
Examples of the alkali metal salts include the sodium 
salt and potassium salt. The examples of the alkaline 
earth metal salts include the calcium salt and magnesium 
salt. Examples of the organic amine salts include the 
ammonium salts, methylamine salt, triethylamine salt and 
pyridinium salt. Examples of the amino acid salts 



include the arginine salt, lysine salt and histidine salt. 
The alkali metal salts and amino acid salts are more 
preferred. As sites at which a salt is formed, may be 
mentioned the moieties of the phosphonic acid residue and 
carboxyl group in the phosphonic acid derivatives and the 
moieties of the thiol group and carboxyl group in the 
mercaptopropionamide derivatives. In the case where a 
salt is formed, the salt may be formed at both or one of 
these residues. 

No particular limitation is imposed on the hair- 
growth inhibitor useful in the practice of the present 
invention. However, it is preferably used in the form of 
an external skin-care composition, particularly, a 
cosmetic composition related to hair removal, depilation 
or shaving. Specific examples of such a cosmetic 
composition include hair removers in the form of paste, 
cream or aerosol, depilatories in the form of wax, gel or 
sheet, after-treatment compositions used for a treatment 
after hair removal or depilation, such as lotion and 
cream, antiperspirant and deodorant cosmetics such as 
deodorant lotion, deodorant powder, deodorant spray and 
deodorant stick, treatment compositions before shaving, 
such as pre-shave lotion, shaving compositions such as 
shaving cream, and treatment compositions after shaving, 
such as after- shave lotion. 

It is preferred that the amount of the active 
ingredient incorporated into the hair-growth inhibitor 



10 



according to the present invention be generally 0.0001 to 
10 % by weight, particularly. 0.001 to 3 % by weight 
based on the total weight of the inhibitor from the 
viewpoints of the inhibitory effect on hair growth, 
profitability , et c . 

In the hair-growth inhibitor according to the 
present invention, various optional ingredients commonly 
used for cosmetics, quasi-drugs and drugs may be suitably 
incorporated as needed so far as no detrimental influence 
is thereby imposed on the effects of the present 
invention. Examples of such optional ingredients include 
purified water, ethanol. oily substances, moisturizers, 
thickeners, preservatives, emulsifiers, medicinally- 
effective agents, powders, ultraviolet absorbents, 
pigments, perfume bases and emulsion stabilizers. 
Example 1 : 

[Hair cycle and elastase activity] 

After a fascia was removed from the shaved back 
skin of each of SD rats (male) aged 5 weeks to 13 weeks 
that were in various hair-growing stages, cutaneous 
tissue specimens 4 mm in diameter were prepared. A 
phosphate buffer solution (PBS) was then put in a 
peripheral part of a Petri dish for organ culture (Falcon 
3037) for the purpose of keeping humidity constant, and 
the cutaneous tissue specimens (6 tissue specimens/dish) 
were arranged on a triangular grid placed on an inner 
dish with the epidermis upside. A liquid medium 



(Dulbecco's Modified Eagle Medium (DMEM), 0.7 ml) was 
added into the inner dish to conduct culture at 31°c for 
24 hours in a gas phase of 60% O z and 5% CO z . The thus- 
obtained culture supernatant was used for the measurement 
of elastase activity. 

The measurement of elastase activity was conducted 
in accordance with the method by Bieth et al. [Biochem. 
Biophys. Res. Commun. . 5J1, 383-390 (1973)]. More 
specifically, a 20 mM solution of N-succinyl- (Ala) 3 -p- 
nitroanilide was used as a substrate and added in a 
proportion of 5 fil per 95 f*l of the culture supernatant. 
A reaction was conducted at 37°C for 4 hours, and an 
absorbance at 410 nm was measured, thereby determining 
the amount of nitroanillne formed by the reaction with 
the enzyme. With respect to the enzyme activity, the 
activity that 1 nmol per hour of nitroanillne is formed 
was regarded as 1 unit. 

As apparent from the result shown in Fig. 1, the 
rise and fall of the activity of an elastase in the 
cutaneous tissue released in the culture supernatant very 
much corresponded to the hair cycle thereof. More 
specifically, a high value was exhibited in a hair 
follicle-forming phase (growth phase), and a fall in 
activity value was recognized in a transient phase or 
resting phase. This result suggests that a rise in the 
activity of the elastase in the cutaneous tissue is 
indispensable to hair follicle formation and its growth. 
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Test Example 1: Elastase activity- inhibiting test in 

cultured human fibroblast 

Normal human fibroblasts commercially available 
from Dainippon Pharmaceutical Co.. Ltd. were subcultured 
in a DMEM containing a 10% fetal bovine serum and used in 
this test. The cells separated from a Petri dish with a 
rubber policeman were suspended in physiological saline, 
collected by means of a low- speed centrifugal separator 
and washed 3 times with physiological saline. The thus- 
treated cells were suspended in a 0.1% Triton X- 100/0. 2 
M Tris-HCl buffer (pH: 8.0) and ultrasonically disrupted 
to use as an enzyme solution. 

125 mM N-Succinyi- ( Ala) 3 -p-nitroanilide was used as 
a substrate for the measurement of enzyme activity, and 
each subject (1 nl; its concentration is shown in Table 
1) was added to the enzyme solution (100 \xl) to conduct a 
reaction at 37°C for 1 hour. The reaction was stopped by 
adding acetic acid (5 n±) . The amount of nitroaniline 
formed was determined by measuring an absorbance at 405 
nm by means of a spectrophotometer. Percent inhibition 
of elastase activity by the subject is shown in Table 1. 
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Table 1 



Subject 


Concentration 


Percent inhibition of 
elastase activity (%) 


Compound 1 


0.1 mM 


85.6 


Compound 2 


0.1 mM 


82.1 


Compound 3 


0.1 mM 


90.2 


Compound 4 


1 mM 


68.4 


Compound 5 


0. 1 mM 


90.1 


Compound 6 


0.1 mM 


88.7 


Compound 7 


0.1 mM 


85.4 


Compound 8 


0.1 mM 


89.6 




14 




20 

Test Example 2: Neutral endopeptidase activity- 
inhibiting test in cultured human 
fibroblast 

Normal human fibroblasts commercially available 
25 from Dainippon Pharmaceutical Co., Ltd. were subcultured 
in a DMEM containing a 10% fetal bovine serum and used in 
this test. The cells separated from a Petri dish with a 
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rubber policeman were suspended in phosphate- buffered 
physiological saline, collected by means of a low- speed 
centrifugal separator and washed 3 times with phosphate - 
buffered physiological saline. The thus- treated cells 
were suspended in a 0.1% Triton X- 100/0. 2 M Tris-HCl 
buffer (pH: 8.0) and ultrasonically disrupted to use as 
an enzyme solution. 

The enzyme solution (2 nU . a solution (1 \xl) of 
each subject compound and 20 mM glutaryl-Ala-Ala-Phe-4- 
methoxy-2-naphthylamine as a substrate for the 
measurement of enzyme activity were added to 100 (j.1 of ai 
MES buffer solution (100 mM, pH: 6.5), to which sodium 
chloride (300 mM) had been added, to conduct a reaction 
at 37°C for 1 hour. The reaction was stopped by adding 
phosphoramidone so as to give a final concentration of 
0.4 \iM. Aminopeptidase M was added to the reaction 
mixture so as to give a final concentration of 20 mU, 
thereby conducting a reaction at 37°C for 15 minutes. 
The amount of 4-methoxy-2-naphthylamine formed was 
determined by measuring a fluorescence intensity at an 
excitation wavelength of 340 nm and a fluorescence 
wavelength of 425 nm by means of a fluorescence 
spectrophotometer, thereby finding percent inhibition of 
neutral endopeptidase activity by the subject compound. 
The percent inhibition of neutral endopeptidase activity 
by the subject is shown in Table 2. 
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Table 2 



Sublect 


v-wuucu Liation 


Percent inhibition of neutral 
endopeptidase activity (%) 


Compound 1 


10 fiM 


99 . 0 


Compound 2 


10 nM 


98.8 


Compound 7 


10 (oM 


97. 1 


Compound 8 


10 fiM 


96.3 



Test Example 3: Test of inhibiting regeneration of mouse 

back hair 

5 Back hair of a group of 5 C3H mice aged 6 weeks was 

shaved over 2x4 cm 2 by means of an electric hair 
clipper and an electric shaver so as not to damage their 
skins. Each subject was applied to the shaved sites 
twice a day in an amount of 100 |Lil/time over 4 weeks. 

10 The subject was dissolved in a solvent (80% ethanol) to 
prepare a solution of a concentration shown in the 
following Table 3. Only the solvent was applied to a 
control group. After 3 weeks, a photograph of each 
shaved site was taken at a fixed magnification for 

15 observing the state of regenerated hair to compare a 

regenerated hair area ratio (regenerated hair area/ shaved 
area) of the test group with that of the control group. 
The results are shown in Table 3. 
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Table 3 



Subject 


Concentration 


Percent inhibition of hair 
growth after 3 weeks from 
shaving (%) 


Compound 1 


1 mM 


58.7 


Compound 2 


1 mM 


59.1 


Compound 3 


1 mM 


64.8 


Compound 4 


10 mM 


60.5 


Compound 5 


1 mM 


74.2 


Compound 6 


1 mM 


62.1 


Compound 7 


1 mM 


59.7 


Compound 8 


1 mM 


71.6 



As apparent from Tables 1 to 3, the subjects, which 
are elastase inhibitors or neutral endopeptidase 
5 inhibitors, had an excellent inhibitory effect on hair 
growth . 



Example 


2: Hair growth inhibiting lotion 


(wt .%) 


A 


Polyoxyethylene hardened castor oil 


0.8 


10 


Ethanol 


30.0 


B 


Compound 2 


1.0 




Sodium dodecylsulf ate 


0.12 




Dodecylmethylamine oxide 


0.18 




Isopropyl alcohol 


15.0 


15 


Benzyl alcohol 


15.0 




Glycerol 


2.0 
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Purified water Balance 
The components belonging to A were dissolved, and 
the components belonging to B were separately dissolved. 
The solution of B was added to the solution of A to 
uniformly stir and mix both solutions, thereby obtaining 
a hair growth inhibiting lotion. 
Example 3: Hair growth inhibiting cream 





(wt.%) 


Liquid paraffin 


10-0 


Squalane 


7,0 


Jojoba oil 


3.0 


Solid paraffin 


3.0 


Polyoxyethylene cetyl ether 


2.0 


Sorbitan sesquioleate 


1.0 


Potassium hydroxide 


0.1 


Compound 7 


1.0 


Glycerol 


3.0 


Ethylparaben 


0.1 


Purified water 


Balance 



The components belonging to A were heated to melt 
them, and the components belonging to B were separately 
heated to melt them. The melt of B was added to the melt 
of A to uniformly stir and mix both melts, thereby 
emulsifying them. The resultant emulsion was then cooled 
to obtain a hair growth inhibiting cream. 
Example 4: Hair growth inhibiting foam 
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(wt.%) 

A Compound 8 10 
Cetanol 0 1 

Propylene glycol 2.0 
Dimethyl silicone oil 2.0 
Polyoxyethylene hardened castor oil 2.5 
Liquid paraffin 1-0 
Polyvinyl pyrrolidone 0.5 
Methylparaben 0 2 

Ethanol 10 0 

Purified water Balance 
B Liquefied petroleum gas (propellant) 4.0 
The components belonging to A were uniformly mixed 
and placed in a container. The component of B was 
charged into the container in accordance with a method 
known per se in the art to obtain a hair growth 
inhibiting foam. 
Example 5: Aerosol 

(wt.%) 

A Compound 1 

Cetanol 1 2 

Propylene glycol 4.0 
Ethanol 3 0 

Purified water Balance 
B Liquefied petroleum gas (propellant) 4.0 
The components belonging to A were uniformly mixed 
and placed in a container. The component of B was 



20 



charged ±nto the container in accordance with a method 
known p&r so in the art to obtain an aerosol. 

Japanese Patent Application No. 10-005959, filed on 
January 14, 1998, is incorporated herein by reference in 
5 its entirety. 
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